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e  0isnot constant and change in [0.1 1.2]
e  Maximum iteration is set on 300

Table(1) : Pesudo code of proposed method

Step 1: set the maximum iteration of each ICA to
300

Step 2: set the number of countries to 80

Step 3: set the number of imperialists to 8

Step 4: start three ICAs simultaneously

Step 5: capture the first two best results of ICAs
and set it as starting point of 4" ICA

Step 6: Start 4" ICA

Step 7: return final results

III. Simulation and results

In order to test our work, we use two different
benchmark functions (Griewank and Rastring both
with 10 parameter to be optimized) [5]. Also we use
ICA with 1500 iterations, GA with 1500 iterations
and SA with starting temperature of 2000 as other
optimization techniques. We run algorithms for each
function for 100 times. The results are illustrated in
Table (2) and Table (3).

Table(2) : Grienwank function results

Min SD Time Global
answer (seconds) min
(mean)
ICA 0.0288 | 0.0329 234.98 0
GA 2.751 2.541 564 0
SA 4.293 3.783 634 0
PICA | 0.0021 0.0435 77.16 0

Table(3) : Grienwank function results

Min SD Time Global
answer min
(mean)
ICA 2.21 3.26 316 0
GA 9.37 5.4 652 0
SA 12.67 4.7 721 0
PICA 0.029 0.159 72.4 0

The results shows that our proposed method
beside the fastest converge to the global minimum,
has great performance in subject of the min answer
and standard division (SD) of answers which is
make the method a precise, fast and reliable method
for global optimization tasks.
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In this context, the reliable method is defined as
method which can search the whole search space
and find the best local optimum with low range of
differentiation. Hence, we can see, our proposed
method show noticeable results in compression with
basic optimization methods.

IV conclusion

In this work we demonstrate an architecture for
optimization based on imperialist competitive
algorithm. We show that our proposed method can
work on complex problems properly. PICA also
shows that it is better than most of the individual
evolutionary methods in subject of converge speed,
accuracy and reliability. In future, this family of
methods can easily combine with other evolutionary
algorithms in order to cover their weaknesses. Also,
the introduced method can be applied in real word
applications to measure its real performance.

Furthermore, we suggest to researchers to
improve the basic methods using new random
paradigms in order to add more diversity then using
evolutionary methods in new architectures such as
the architecture we propose.
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STABILITY CONDITIONS IN THE QUASI-STATIC MODE OF A DIFFERENTIAL-CAPACITIVE
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Capacitive sensing has advantages compared to
other types of sensors. Its attractive properties are:
little power consumption, very low sensitivity to
temperature, and less complex shielding stray elec-
tric fields than shielding inductive sensors from

magnetic disturbances [1]. The capacitive sensors
have low noise floor, low fabrication cost, low
cross-coupling sensitivity. It has also compatibility
with Very Large-Scale Integration (VLSI) technol-
ogy scaling, all of which make it commercially im-
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plementable in recent years [2, 3]. Capacitive sen-
sors have different usages in MEMS and micro sen-
sors [4-6].

There are different techniques for making capac-
itive sensors and also different interface circuits that
supply sensors with energy. Sensors with one varia-
ble capacitor are nonlinear to an output signal in
most cases. By employing the structure of differen-
tial capacitors instead of one variable capacitor it is
possible to have simpler circuit and also to reduce
the nonlinear effects of sensors [7-9]. Additional
method may be used to enhance the linearity of a
differential capacitive sensor [10].

It is difficult to keep these influences and para-
sitic capacitors under control. Also, the electrical
excitation circuit adds additional floor noises in out-
put signals of the sensor.

Electrostatic differential capacitive force and
torque sensor. The electro-mechanical model of a
simple and sensitive resonant electrostatic differen-
tial capacitive force and torque sensor represent in
figure 1 where AC generator is substituted for an
electrostatic generator. Many features of this actua-
tor have been investigated before [11, 12], particu-
larly, the nonlinear features, stability and instability.

1 3 VJ—+ 1
A - /

—
1/ ' 4

4
1 — fixed non-conductive plate, 2 — conductive

substrate, 3 —conductive plate, 4 — elastic suspender.
Figure 1 — The sensor’s model

The moveable plate 3, e.g. sensitive plate (SP)
performs angular movements under the action of
external torque M(?) of force which have to be
measured. This torque is considered as harmonic
with frequency @w=2f, so that

M(t)zMo -cos((ot). (1)

The sense of M has to be defined in a concrete
problem. For example, in a linear accelerometer
M,=mas, where m — is mass of SP, a is a linear

acceleration, and s — is a static unbalance. In an an-
gular accelerometer M =1,&, where I. — moment

of inertia of a SP relative to a rotation axis z, € — is
an angular acceleration.

Physical model of the sensor. The sensor's
computational model is shown fig. 2. The angular
displacements of a SP in this model are represented
as the translations of an intermediate plate. This is
possible because the rotations of SP are very small.
In this model it is supposed that all details are in
vacuum, squeezed-film damping is absent, electric
capacitors are ideal, fringing effects are ignored, and
spring stiffness & is constant. The damper in figure 2
describes the mechanical energy dissipation in the
sensor.
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Figure 2 — The electro-mechanical model of the
sensor under study

The voltage ¥ in figure 2 is a voltage source. Ca-
pacitance for ideal capacitors with flat plates are
expressed in Eq.(2).

G=rI =2
1+x/d 1-x/d

Because rotations ¢ of a SP are small, a dis-

placement x ~ ¢-r <<d (see figure 2), hence

CO] C2 — COZ ,
1- (P/(pm

Cl+9lg,

3

1

where ¢, zi
r

It is obvious that the initial capacitances Co; and
Co, are different in real capacitive sensors. Let us
assume a relationship as:

Co =(1+7)Cor @)

The equation of oscillations of SP is given by
Egs. (5) and (6):

Lo+Do+ko=M)-M,, Q)
Mel =2FeIVCOS(P7 (6)

where F, =F,, - F,,, and F,, —is the force act-

ing on SP in capacitor C; [2, 23]:

1 gt

Fy =, ©)
N 2e,S

where €9 — electric constant, ¢; — electric charge in

capacitor Ci, S — area of one of substrates 2 (figure

1), F,;, —is the force acting on a SP in capacitor Cy:

2 =5 o
2 2g,S
The factor 2 appearing in Eq. (6) is due to two
pairs of differential capacitors in the sensor (fig.1).
Eq. (6) and below it is supposed thatcosp ~ 1.

From Egs. (6) and (8), the following is obtained.
2 2
9 ~%
= r. 9
el SOS ( )
Eq.(5) can be rewritten, if to take into account
equations (6) — (9), as:
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Izq')+D('p+(k(p—ur] =M, cos((ot). (10)
goS

The analysis of a quasi-static stability of the
sensor. The energy dissipation and external forces
are assumed to be absent at this stage of the investi-
gation. If the resistor R is too small to affect SP
movement and currents /; and />, the free movement
equation of SP follows Eq. (11):

2 2
5¢+@¢—@—EL0=04 (11)
€oS

It can be seen from figure 3 and from Kirch-
hoff’s law that,

-%+%ca q=CV. (12)
The capacitors C; and C; are given by Eq.(3). In
this case Eq. (11) may be defined as
Ly+M(y)=0, (13)
where

2 2

1-v*

is a resulting moment acting on SP in electric
field,

4C, 7
=0 y=L g =y+l. (19)
ks, O
If y<<1, it will be shown lower the parameter B
may be defined as the following relationship:
2
B=1-22 (16)
®9

B

where o, = ’Ii is SP resonance frequency when
z

electrostatic field is switch off; and €y is SP reso-
nance frequency when electrostatic field is switched
on (see Eq. (34) lower).

The SP oscillations are stable if a derivative

d]\;[_(\u) <0. The derivative is given in Eq. (17):
v

¢W®0=2w6—6w4+363—ﬂw3+

kdy 2(1 _y? )3

(17)
+i&ﬁ+3+zﬁﬂ+3B@$—Q+B@f+ﬂ—2
2ﬁ—w2f
and is shown in Fig. 4. The values y<<1 and B is
close to 1 are most interesting. Then values y<<I,

and the first two members in the numerator might be
omit. The one has

dM(\y) - B(yl2 —1)\|13 +3(b’y12 +B+2)\|12 N
kdy 2(1—\V2)3
+3B@$—Q+B@f+ﬂ—z

2Q—w2f

.(18)

The fig. 3 shows this derivative also.
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and its derivatives on a parameter v, if B =0.8 and
v=0.1. The continuous line corresponds to Eq. (14);
the dashed line corresponds to Eq. (17); the dotted
line corresponds to Eq. (18).

Figure 3 — The dependences of moment

The angles yiand y, can are calculated from an

dAj—(W) =0. It follows from Eq. (18)
y

 By16-1487y7 - B2y +1)+ 3807 -1)
o 6(By12+B+2)
Byt6-148%2 - B2yt +1)- 3842 1)
B 6(By? +B+2)

The expression which is under square roots in
Egs. (19) and (20) has to be positive. It follows from

this that B < B

equality

(19)

Vi

.20)

)

nax » Where

4
Bax ===~
V1+14y7 +v]

If y=1 (i.e. v1=2), error of this equality is about
0.003 in comparison with exact one, and it quickly
decreases when y is decreasing.

The SP irrepressibly rushes to one of static plates
if ¢ is out of interval yi-y>. This phenomenon is
called pull-in (or “snap-down”) in actuators [11].

The main conclusion which issues from formulas
(16), (19) - (21) is that the parameter y limits a pa-
rameter By , 1.€. limits minimum of a frequency Qg
which is 0.3 @o. The SP stable oscillations angle
interval becomes very narrow if B — Bja. These
constitute disadvantages for this sensor as fabricat-
ing an ideal symmetric sensor is rather complicated.
But an asymmetry in the sensor can be compensated
as discussed next.

Conclusion. The most challenging issue in de-
signing instruments with high sensitivity measure-
ment of inertial and gravitational forces constitutes a
dilemma in securing robustness and sensitivity of the
elastic suspension of the mobile element. In the
usual approach, the robustness can be sacrificed to
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the benefit of the sensitivity, and as result the sus-
pensions are insecure. This paper has considered
differential-capacitive electrostatic sensors where
robustness has been considered. This sensor is in-
tended to measure harmonic signals, such as linear
and angular accelerations and second derivatives of
gravity potentials. The sensor’s construction com-
bines a dual function of an electrostatic capacitive
differential sensor and electrostatic capacitive actu-
ator without any additional elements. The actuator
permits to decrease the resonance frequency of the
sensor and by-turn this actuator permits to use a
harder elastic suspension for sensing plate.
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PABPABOTKA TEOPETUYECKUX U METOAUYECKHUX OCHOB YIIPABJIEHUSA
ABAPUMHBIMU CBPOCAMM B TEXHOJIOTMYECKOM ITPOIIECCE OYUCTKHA CTOYHBIX
BOJI B KOHTEKCTE COIIMO-3KO0JIOI0-3KOHOMHUYECKOI CUCTEMBI KPYITHOI'O
HOPEAIIPUATUA

AnekceeB B.A., Ycoasues B.IL., FOpan C.HU.
Hboucesckuii cocyoapcmeennulii mexuuueckuii ynugepcumem umenu M.T. Kanawnukosa
Hbicescx, Poccutickas @edepayus

TpyaHO NEpEeOLEHUTh poJIb BOABI B HamIei
*u3Hu. K coxayieHnto, B peajbHOCTH BOAa B 0OJIb-
IIMHCTBE CIy4aeB 3arpsi3HEHa MHOXXECTBOM COEIH-
HEHUH, KOHIIEHTPAI[UM KOTOPBIX YacTO MPEBHIIIAIOT
HOopMbl. KOHTposIb KauecTBa BOJBI 3aTpardBacT
OYCHb MHOTHE CTOPOHBI KM3HU YEJIOBEUECKOTO 00-
miecTBa. B Hacrosimee Bpemst u3-3a 000CTPUBILUXCS
yIpo3 3arpsi3HEHUs] BOJABI KOHTPOJIb €€ KauyecTBa
CTAHOBHUTCS MPOOJIEMON COLMANbHON, TONUTHYE-
CKOM, MEIUIIMHCKOH, TeorpaguuecKol, a Taxke HH-
KEHEPHOH Y SKOHOMHYECKOHM.

CyIecTBeHHBIH BKIIAJ B 3aTPsA3HEHIE BOABI BHO-
CAT CTOYHBIC BOJBI MPOMBIIUICHHBIX TPEIIPUATHI.
[MocrostHHO BO3pacTaronIfie 00BEMBI CTOYHBIX BOJ,
YBEJIIMYHMBAIONICECS KOJMYECTBO BHIOB M CTCIICHHU
3arpsi3HEHUN CYIIECTBEHHO OCJIOXHSIIOT pelIeHHe
BOIMPOCOB MHUHHMH3AIMH KOJOTHYECKUX PHCKOB H
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YIOpaBJICHUS IKOJOTHYECKOW OOCTAaHOBKOHM B KpYII-
HBIX Topoaax [1].

Bomnpockl coBepIICHCTBOBAaHUS CTPYKTYPHI CH-
CTeMBI YIPaBJICHUS CTOYHBIMHU BOJaMU, ee (PyHKITH-
OHHMPOBaHHE B TOPOJACKOI Cpeiie B yCIOBUAX HAaJH-
Yy KPYIHBIX NPEANPUATHH, PalMOHAIA3ALMS MEX-
OTpacJeBBIX B3aUMOJACWCTBHI B YKa3aHHOW cdepe
TpeOyIOT nanbpHeHIero u3ydeHuss u 0000meHus.
[lepBocTeneHHOE 3HAUEHHE MMeEET pa3paboTKa Teo-
PETHUECKUX W METOJWYECKUX OCHOB YIIPABICHHS
CTOYHBIMH BOJAMH C Y4E€TOM COLHAIbHO-IKOJIOTH-
YECKOTO U SKOHOMHYECKOIO MOTEHIMANa KPYMHBIX
OpeanpusTui [2].

Cy1iecTBylolye METOAbl aHall3a CTOYHBIX BOJ,
KaK TpaBUIIo, TPeOYIOT MPUMEHEHHS CIOXHOHU ar-
mapaTypsl ¥ 3HAYUTEIHHOTO BPEMEHH IS TIPOBEIe-
HUS aHaJM3a, 9TO HE BCET/Ia BO3MOXKHO B IPOM3BOJI-
CTBEHHBIX YCJIOBHSX. DTO HE IO3BOJISIET B PEXKIME
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